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ABSTRACT
THE ECONOMIC IMPACTS OF COUGARS IN WESTERN WASHINGTON
by
Todd Anthony Stoothoff
May 2017

The combination of increasing cougar populations and the rising human
population in Wildland-Urban Interface (WUI) areas suggests that the number of
human-cougar encounters will rise as well. The increase in human-cougar encounters
creates potential issues in regard to public safety, public policy, and management of
predators. For the purposes of this research, I employ a housing dataset for eleven
counties in western Washington in order to quantify the impacts of a confirmed cougar
sighting on the sale value of a home. Specifically, I employ the hedonic real estate price
model. Results show statistically significant impacts on housing values in the presence of
a cougar sighting. These results suggest the need for changes in policy regarding
management of cougars, as well as land use management.
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Chapter 1
Introduction
The population of cougar (Puma concolor) has increased over the past thirty
years (Washington Department of Fish and Wildlife 2010). Furthermore, the human
population in Washington State has increased as well. The population of counties of
western Washington in which rural land is being developed is growing at a greater rate
than the state average (Hammer et al. 2007, Tully 2013). The combination of increasing
cougar and human populations in Wildland-Urban Interface (WUI) areas suggests that
the number of human-cougar encounters will increase as well. A human-cougar
encounter may result in a range of possible outcomes. These outcomes span from a
confirmed sighting of a cougar to an attack on livestock, pets, or in rare instances,
humans. The number of human-cougar encounters in Washington has been increasing,
(Beier 1991, Fitzhugh et al. 2003) as have the number of cougars taken in hunts (Dawn
et al. 2003). The increase in human-cougar encounters creates potential issues in regard
to public safety, public policy, and management of predators.
According to a survey conducted by the Washington Department of Fish and
Wildlife (WDFW 2010), 75% of Washington residents claim to have little knowledge
about cougar behavior or ecology. This lack of knowledge creates a potential risk for the
safety of individuals, animals, and larger communities. Furthermore, the presence of
cougars may have a significant impact on the real estate market in residential areas
within the WUI, based on public perceptions regarding cougars.
1

The main objective of this research is to quantify the impact of cougars on
housing prices in western Washington. Specifically, I assess the confirmed presence of
cougars on home sale prices in eleven western Washington counties. Based on the
results, I make recommendations for changes in policy regarding to management of
cougars, as well as land use management.
This research provides a quantitative assessment of the effect of a confirmed
cougar sighting on the sale price of a home. Upon further analysis of the results, the
eleven counties in my study area may use this research to shape policy in regard to the
management of predators, their populations, and harvesting techniques. If cougars have
a significant negative impact of the sale price of a home, this could cause a decrease in
tax revenue generated from these homes. Furthermore, the results could help shape
land management policy, ensuring that future homes created in WUI areas are safe for
both humans and cougars alike. The results of this research may also be used at a
statewide level through agencies such as the Washington Department of Fish and
Wildlife. On a national level, this research adds to the body of knowledge surrounding
management of cougars, land management, and impacts on housing values.

2

Chapter 2
Literature Review
This research, which is focused on estimating the economic effects of cougars in
western Washington, is inspired by a variety of research, studies, and methodologies.
The purpose of this chapter is to review the relevant literature. In the following sections,
I synthesize literature regarding cougar ecology, interactions between cougars and
humans, history of cougar management, wildland urban interface, as well as studies
which estimate the economic value of wildlife. Additionally, I highlight gaps in the
prominent literature in which this thesis can offer insight.

2.1 Cougar Ecology, Spatial Use, and Interaction with Prey
Even though there is a large body of research regarding cougars, there is much
to be discovered regarding cougar behavior in comparison to other game animals. The
cougar is a solitary animal (Sunquist and Sunquist 2002), meaning that they do not
collaborate with other animals in order to feed or protect their young against predators
(Sandell 1989). Cougar are populated at low densities over large areas (Logan and
Sweanor 2001), which makes observational research difficult. Furthermore, cougars are
nocturnal creatures, which adds to the difficulty of observation (Beier et al. 1995).
The cougar is the largest of the wild cats that inhabit the Pacific Northwest. They
range in size from 5 to 9 to feet in length and can weigh 80 to 210 pounds (Maser 1998).
The cougar is a highly adaptable animal; they reside in a variety of habitats ranging from
deserts, to mountains, and the tropics. Furthermore, the cougar can inhabit a variety of
3

population densities, ranging from secluded forests to the outskirts of suburban areas.
Cougar habitats are spread across the state of Washington as well (Figure 1).

Figure 1. Distribution of Cougar Habitat and Game Management Units
(Beausoleil et al. 2013)
Adult cougars tend to establish a residency in a certain area, which will be
occupied for a consecutive number of years. The area of this territory ranges from 90 to
475 square miles, averaging 175 square miles (Shivaraju 2003). Given the vast range of a
cougar’s territory, it can be said that they are continuous hunters. The cougar is not
likely to hunt in the same location each day; it will move from one spot to the next, until
it finds an area that is successful. Once this area is found, the cougar will likely hunt in
nearby areas. Once the cougar has experienced repeated success in a certain area, it is
likely to create its home in that general area (Maser 1998).

4

Maletzke et al. (2014) observed that the effects of increasing mortality rates on
the spatial ecology of large predators in often misunderstood. In order to gain
understanding, Maletzke et al. researched the spatial ecology of two cougar populations
with different levels of hunting to test whether an increased mortality rate would affect
the size of a cougar’s home range, or interactions with other cougars. The stability
hypothesis states that home range and overlap will be identical for male and female
cougars in the two study areas. The instability hypothesis states that home range and
overlap is greater in populations with higher mortality rates, and the rates between
males and females is different as well. Maletzke et al. tested these hypotheses by
comparing home range size and overlap between the two populations. They found that
male cougars in areas that were heavily hunted had larger home ranges and more
overlap than males occupying lightly hunted areas. Female cougars showed no
difference in size or overlap between the two populations. Therefore, Maletzke et al.
rejected the stability hypotheses, while accepting the instability hypotheses. Their
findings suggest that increased hunting of male cougars increases home range size and
overlap, which can result in negative impacts on cougars and residents alike.
It is generally assumed that male and female predators interact with prey in the
same manner. However, differences in size and behavior suggest that male and female
predators may prey upon different species. This discovery could provide crucial
information for wildlife management and conservation efforts. White et al. (2011)
recognized this issue and tested for the differences in prey selection by male and female
cougars in Washington State from 2003 to 2008. White et al. tracked cougars using
5

Global Positioning System (GPS) collars and studied 436 sites. White et al. discovered
that solitary females and females with offspring killed a higher number of mule deer
than elk, while males preyed upon more elk than mule deer. Furthermore, male cougars
killed four times more elk than females, and females killed two times more mule deer
than males. Based on this information, White et al. suggest that wildlife managers
should consider how the sex of a predator could influence the population of prey when
developing management and conservation strategies.

2.2 Human-Cougar Interactions, Hunting, and Population
Dynamics
Increasing cougar populations, accompanied by increasing human populations
suggest that the number of human-cougar encounters is likely to increase. A humancougar encounter may result in a range of possible outcomes. These outcomes span
from a confirmed sighting of a cougar to an attack on livestock, pets, or even humans.
The number of human-cougar encounters in Washington is growing (Beier 1991,
Fitzhugh et al. 2003) as are the number of cougars taken in hunts (Dawn et al. 2003). To
assess the risks of a human-cougar encounter, there has been research done to analyze
the nature of these encounters.
Lambert et al. (2001) recognized the issue of increasing numbers of humancougar conflicts in the Pacific Northwest. There are many hypotheses that explain the
number of conflicts, the most prevalent being an increase in the population of cougars.
To test this hypothesis, Lambert et al. used trapping and tracking methods to measure
the relative density, fertility, survival, and growth rate of cougar populations in
6

northeastern Washington, northern Idaho, and southern British Columbia. According to
Lambert et al., the increase in human-cougar conflicts could be due to a young
population of cougars due to excessive hunting. Lambert et al. also suggest that more
humans are interfering with cougar habitats, which leads to cougars becoming
acclimated to the presence of humans. Finally, Lambert et al. conclude that negative
social perceptions about cougars could promote excessive hunting. To preserve the
cougar population, Lambert et al. recommend stricter hunting regulations, monitoring
of cougars, and collaboration with resource managers to effectively manage the
problem.
Kertson et al. (2013) assert that effective management of predator populations
in WUI areas requires knowledge regarding the ecology of these predators, and the
characteristics of their interactions with humans. In their research, Kertson et al.
quantified the residential movements of cougars as well as their interactions with
humans in western Washington from 2003 to 2008. The purpose of this study was to
identify the ecology and potential dangers of large predators occupying a WUI area.
They found that the adaptable and nomadic tendencies of cougars explain the use of
residential areas. Kertson et al. recommend that managers create strategies that focus
on problematic cougars, while preserving an older age structure of cougar populations.
Furthermore, they suggest the use of landscape planning and education in WUI areas to
reduce the number of human-cougar interactions.

7

Between 1890 and 1990, there were 63 confirmed attacks on humans by a
cougar, which resulted in 10 deaths. (Beier 1991; Fitzhugh et al. 2003). Between 1991
and 2005, there were another 54 attacks that resulted in nine deaths (Fitzhugh et al
2003). Attacks on humans are rare, with 19 reported deaths in the last 116 years. The
increase in the number of attacks on humans has become a prominent issue for
agencies in charge of cougar management (Cougar Management Guidelines Working
Group 2005). Attacks on humans are widely documented and publicized, which has
contributed to the increase in public concern about cougars in regards to human safety
(Deurbrouck and Miller 2001; Etling 2001, Baron 2004). This creates problems for
wildlife managers who serve a dual mandate of protecting the public as well as
preserving sustainable cougar populations. Not all opinions about cougars are negative;
cougars are widely valued for aesthetic, ecological, and recreational reasons (Cougar
Management Guidelines Working Group 2005). Wildlife managers. Therefore, to reduce
the risk of encounters between cougars and humans, a better understanding of what
can lead to an attack is necessary.
Studies from Washington State (Martorello and Beausoleil 2003) propose that
opportunistic hunting of cougars reduces the role of selectivity in the hunting process. In
fact, this has created problem for female cougars, as the ban on hunting with hounds
led to an increase in female harvest rates of 49 percent to 59 percent. Data from the
western United States regarding harvest rates (Becker et al. 2003, Beausoleil et al. 2005)
show that hunting with hounds results in greater rates of harvest in males than females.
This could be caused by the fact that hunters who use hounds are able to identify the
8

gender of the target by comparing the size of tracks. Furthermore, male cougars on
average travel more than twice the average distance of females, which would increase
the chance of encountering a male while hunting (Anderson 2003).
Cooley et al. (2009) performed research to test the compensatory mortality
hypothesis as it relates to large mammals, which states that harvest mortality affects
reproduction rates, offspring mortality rates, and female population growth rates by
reducing competition for available resources (Connell 1978). According to this
hypothesis, areas that are lightly hunted experience increased competition for resources
due to higher cougar population densities. This leads to lower reproduction rates, lower
survival rates for offspring, and lower population growth for females. Cooley et al.
tested this hypothesis on two populations of cougars in Washington State, one heavily
hunted, and one lightly hunted. They estimated the population growth rate, population
density, as well as survival and fertility rates to study the effects of hunting on cougar
populations. Their study found that there was no difference in maternity or mortality
rates between study areas. Furthermore, they found that survival rates for kittens was
lower in the heavily hunted population. Cooley et al. also concluded that areas that are
heavily hunted experienced increased migration patterns, lower survival rates for
kittens, lower populations of females, and a younger age structure. Therefore, Cooley et
al. conclude that the compensatory mortality hypothesis should be rejected when
regulating and predicting harvest levels for cougars.
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Parker et al. (2009) recognize the dangers of predator control using sport
hunting. The authors researched whether predator species that practice infanticide are
susceptible to overhunting by studying four species: lions, cougars, leopards, and back
bears. The black bear was used as a control because they do not practice infanticide.
They found that negative trends for the harvest of lions and cougars were associated
with declining populations. Parker et al. explain that trophy hunting has contributed to
the declining population of both lions and cougars. They found that areas which have
the highest harvest rates experience the greatest decline in populations. Trophy hunting
has been characterized as a strategy to promote conservation of predators. But in
reality, communities tend to view predators as a problem animal and seek their
removal. This negative view of predators is evident through legislation passed by the
states of Oregon and Washington. In 2006, Oregon created plans to reduce the
population of cougars by 40%, citing attacks on livestock and pets. Washington
increased the quota of cougars to be harvested to counteract the increase in humancougar conflicts. Parker et al. (2009) claim that this pattern of legislation is contributing
to the declining population of predators. To preserve the species, they suggest
developing new hunting regulations, and monitoring of populations in order to discover
a sustainable harvest rate.

10

2.3 History of Cougar Management and Conservation
Before the year 1960, cougars and other carnivores were managed through the
process of extermination (Gittleman et al., 2001). Cougars were depicted as dangerous
predators who prey upon livestock, game animals, and threaten human safety (Hansen,
1992; Deurbrouck and Miller, 2001). Hunters were incentivized through the use of
bounties from the late 1800s which remained in effect until the 1960s (Young and
Goldman 1946; Nowak 1976). The cultural adaptation of environmentalism and
changing public perceptions towards predators during the 1960s multiple western
states classified the cougar as a game animal, which offered more protections to the
species (Hansen 1992, WDFW 2008). Recently, cougars have been considered an
important indicator species, which emulates the ecological well-being of certain regions
(Kellert and Smith 2000). This new protective ideology has created controversy
regarding the hunting of cougars. It is widely held that current policies regarding cougar
management fail to protect cougars from over-hunting, which is evident by the reported
increase in cougar harvest rates. Western states have acted in order to protect the
cougar from over-hunting. For example, California has successfully banned the hunting
of cougars (Torres et al. 1996).
However, in Washington State politics became influential in cougar management
when voters passed Initiative 655 in 1996. This initiative placed a ban on hunting with
dogs, and has become a catalyst for debate regarding the management of cougars
(Kertson 2005, Beausoleil and Martorello 2008). Following the initiative, the WDFW
expected a drastic reduction in the number of cougar harvested. In response, they
11

removed the requirement of permits, increased the length of the season from 7.5 weeks
to 7.5 months, bag limits were increased from 1 to 2 cougar per year, and reduced the
price of tags from $24 to $5. As a result, the number of tags sold increased from an
average of 1,000 per year to 59,000. Furthermore, harvest figures increased from 121 to
approximately 160. The spatial distribution of harvests were clustered in areas where
cougars were not socially accepted, and the density of hunters was high. Throughout
this time, the density of cougar population was unknown, although it was presumed to
be growing (Lambert et al. 2006, Jenks 2011).
While there was growing concern about the survival of the cougar species, there
was also concern about cougar-human interactions and human safety. After Initiative
655 passed, reported human/cougar conflicts increased from 247 in 1995 to 495 in
1996, to 927 in 1998 (Washington Department of Fish and Wildlife 1999). As a result,
Engrossed Substitute Senate Bill (ESSB) 5001 passed in 2001, which allowed hunting
with hounds for the use of removing problematic cougars. In 2001 the Washington
game status report (Martorello 2001) claimed that the population of cougars were
increasing, therefore officials decreased the severity of hunting regulations. In 2002,
legislators in Okanogan, Ferry, and Stevens counties persuaded the WDFW to increase
the allocation of hunting permits in those counties, citing the increased number of
complaints involving cougars. Opponents of I-655 believed that cougar populations
would grow to uncontrollable levels, as well that cougars would become more
acclimated to humans. The WDFW accepted their request despite the research that
indicated that the complaints in these three counties were exaggerated and fabricated
12

by local media sources. Furthermore, the cougar population in this region was declining
due to the increased number of “problematic” cougars taken.

2.4 Wildland-Urban Interface
The wildland-urban interface (WUI) is defined as the space in which housing
units intersect with wildland areas which are undeveloped or unaltered by humans.
According to the USDA (2001), the WUI areas consist of interface and intermix areas.
Interface areas border wildland areas, and there is a clear distinction between wildland
and developing areas. Intermix areas often contain housing units which are surrounded
by wildland and other vegetation. The development and urbanization of wildland areas
creates conflicts and problems with the environment (Johnson 2001). Housing
development in these areas are shown to cause the loss of wildlife habitat as well as
fragmentation (Theobald et al. 1997). Furthermore, development can disrupt population
dynamics of wildlife (Soule 1991), as well as decrease biodiversity in an ecosystem
(McKinney 2002).
In previous decades there was substantial growth in housing within the United
States (Hammer et al. 2004; Radeloff et al. 2005). The number of housing units in the US
increased by 13.6 million during the 1990s. This surge in housing development suggests
there could be an increase in WUI areas as well as housing units. Furthermore, the
population of the US has experienced deconcentration (Long and Nucci 1997).
Residential and commercial development is prominent on the outskirts of metropolitan
areas as well as in rural areas, which contain aesthetic and recreational amenities. This
13

trend is especially evident in the western United States, heavily wooded areas, and
space surrounding federally owned land. The development of suburban areas, known as
suburban sprawl (Benfield et al. 1999; Daniels 1999) along with recreational
development, known as rural sprawl (Radeloff et al. 2001, 2005) resulted in an increase
of housing in WUI areas.
Over the past 25 years, the WUI of western Washington has increased in terms
of area, as well as the number of housing units. According to Hammer et al. (2007), from
1990 to 2000, the area of WUI land in Washington State increased 16.4%. Furthermore,
the number of housing units in the WUI increased 29.6% in the same time. According to
Tully (2013), from 2000 to 2010, the area of WUI land in Washington State increased
8.23%. Furthermore, the number of housing units in the WUI increased 22.51% during
the same period. These figures illustrate the rapid expansion of the amount of acreage
in WUI areas, as well as the number of households.
With this rapid expansion of WUI area and population, it could be suggested that
land use within the study area would be altered as well. In 2004, the USDA Forest
Service contracted the University of Washington’s Rural Technology Initiative (RTI) to
research the issue of land use the western Washington counties of Clallam, Cowlitz,
Grays Harbor, Island, Jefferson, King, Kitsap, Lewis, Mason, Pacific, San Juan, Skagit,
Skamania, Snohomish, Thurston, Wahkiakum, and Whatcom. In order to do so, the RTI
calculated the number of acres that were classified as forests in 1988, and compared
those results to the development of the same lands in 2004 (Figure 2). The results of
RTI’s research showed a significant change in land use from the years of 1988 to 2004. In
14

western Washington counties, 7,070,000 acres remained forested from the years of
1988. In addition, 796,000 acres were changed to agricultural or mixed rural land during
the same perio, 401,000 acres were changed to developed land, and 62,000 acres were
changed to water (University of Washington 2004). As a result, 2,826,000 acres of land
have been altered between the years of 1988 to 2004. These figures illustrate the
severity of the transformation that western Washington has experienced in its recent
history. Over the past 25 years, western Washington has experienced rapid population
growth, a dramatic increase in the number of housing units, an increase in the amount
of acreage in WUI areas, as well as transforming landscape in terms of land usage.

Figure 2. Forest Land Use in Western Washington (University of Washington)
Kertson et al. (2001) recognize the impacts of human involvement in the
wildland-urban interface due to increased residential development. Impacts may
fluctuate between species, but authors argue that residential development creates
challenges for large carnivores such as the cougar. In order to mitigate adverse effects,
15

it is necessary to understand the spatial ecology and habitats of cougars in order to
decrease the number of human-cougar interactions which include sightings, encounters,
and attacks on livestock and pets, as well as people (Kertson et al., 2001). In order to
further the understanding of spatial patterns and their relation to ecological events (i.e.,
spatial ecology), Kertson et al. (2001) studied and tracked 27 cougars in the wildlandurban interface in western Washington. The GPS tracking data was then used to model
the use of space, as well as the significance of landscape features in human-cougar
interactions. Their model found that cougars stayed in areas that were attractive to
prey, left prey vulnerable, and had limited residential development. They also found
that the use of space was similar between wilderness and residential areas because
many residential areas contain landscape features which are attractive to cougars.
Kertson et al. (2001) believe there is a point of equilibrium where residential
development maintains enough wildland characteristics that are attractive to cougars
and increases the chance of human-cougar interactions. The authors suggest that in
order to reduce interactions, it is necessary to use knowledge of spatial ecology.

2.5 Economic Valuation of Wildlife: A Literature Review
Throughout America’s history of industrialization, economic growth and
development were encouraged while the negative consequences on the environment
were ignored. Recently scientists, environmentalists, and policy makers recognized the
potential dangers that rapid expansion could cause. In 1973, the Endangered Species
Act was passed in order to prevent further decline in populations of threatened species
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within the United States. After this act, wildlife managers began to focus on the
conservation of threatened species, and their habitat. Generally speaking, measuring
the costs of conservation is a simple task. However, in order to establish the
effectiveness of such programs, it is necessary to analyze the costs of conservation in
comparison with its benefits. In recent times policy makers, wildlife managers, and
conservationists are realizing that estimating economic benefits of conservation is
crucial amidst the debate regarding the effectiveness of these programs.
The seminal work of Hammack and Brown (1974) has led to an increase of
studies regarding the economic value of wildlife (Livengood 1983). Economists suggest
that wildlife are valued through use values and non-use values. Use values are assigned
to the direct use of a resource, such as meat, hunting, fishing, or viewing wildlife. Nonuse values comprise of values not included in the use value grouping (Fisher and
Raucher 1984, Boyle and Bishop 1987). Non-use values are categorized into intrinsic and
existence value, which are based on the assumption that society value wildlife in some
way (Kuritlla 1967, Stevens et al. 1991). Existence value involves the willingness to pay
for the existence or preservation of wildlife, even if the individual does not directly use
or interact with the resource. Although studies suggest that existence values comprise
of a large share of the economic value of wildlife, they are often challenged (Brookshire
et al. 1983, Stevens et al. 1991, Zawacki et al. 2000).
Due to the nature of use and non-use values, different methodologies are
necessary to estimate their values. The estimation of use values are conducted through
revealed preference methods. This methodology is based on the direct and indirect
17

valuation through the observation of market behavior. The estimation of non-use values
are conducted through stated preference methods, in which respondents are asked
what monetary value they associate with hypothetical changes in policy by using
surveys.

2.5.1 Stated Preference Methods and Contingent Valuation
There is no market information for natural resources that have off-site use
(existence and option values for example), so it is difficult to calculate their monetary
value. Therefore, economists use the contingent valuation method (CVM) to develop a
replicated market (Davis 1963, Loomish and Walsh 1986, Mitchel and Carson 1989). The
purpose of the CVM is to obtain an individual’s willingness to pay for the preservation or
restoration of a certain natural resource. CVMs are conducted through a survey format
in which respondents are asked how much they would pay for different levels of the
natural resource in question.
Similar to natural resources and environmental amenities, conservation of
endangered species is not exchanged in an open market. For this reason, measuring the
demand for these goods and services is difficult. Therefore, it is necessary to use CVM to
estimate the willingness to pay for preservation on the natural resource (Mitchell and
Carson, 1989). Historically, this method it utilized to valuate endangered species. Loomis
and White (1996) researched 20 CVM studies assessing endangered species, such as the
gray wolf. Loomis and White (1996) found that the willingness to pay is determined
through multiple issues, such as the change in population, whether the payment is
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annual or it occurs once, if the respondent identifies a non-user, as well as the type of
species.
Since the adaptation of the Endangered Species Act in 1973, there have been
many cases of conflict between industrial development and the protection of
endangered species. Of these conflicts, the most controversial is the protection of the
northern spotted owl in the Pacific Northwest. The spotted owl’s habitat consists of old
growth timber, which is very valuable on the open market. The revenues generated
form harvesting timber are important to the Pacific Northwest; therefore, protecting
the spotted owl can be costly to the region’s economy. In contrast, under the
Endangered Species Act, the spotted owl is classified as a threatened species. Meaning,
without further protection, the species would be likely to go extinct. To many
environmentalist and scientists, the spotted owl is a representation of the viability of
the old-growth forest as an ecosystem. If the spotted owl were to become extinct, this
would represent the health of the ecosystem itself. The old-growth forest habitat of the
spotted owl cannot be easily replaced once removed, therefore, people may be willing
to preserve this forest for future use (Weisbrod 1964, Krutilla 1967). Furthermore,
individuals may develop fulfillment simply for the fact that the old-growth forest are
conserved which provides value from simply existing (Krutilla 1967, Randal and Stoll
1983). Finally, individuals may elicit a bequest value for the preservation of these forest
and species for the enjoyment of future generations.
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When evaluating the costs and benefits of preserving the spotted owl, there was
far more emphasis placed on the economic cost of preservations compared to the
commercial economic benefits. In order to challenge this perception, Rubin et al. (1991)
conducted a cost-benefit analysis by conducting a CVM survey in order to estimate
Washington State resident’s willingness to pay for conservation of the spotted owl.
Their results show that the average willingness to pay, adjusted for socioeconomic
characteristics such as education and income, was $34.82 per year. Based on this
estimate, the total willingness to pay for the state of Washington was approximately
$62.7 million per year.
The State of Minnesota is a prime example of this issue with their evaluation of
the gray wolf (Canis lupus). The gray wolf was one of the first animals that was
protected when the Endangered Species Act (ESA) passed. This act was created in order
to protect animals and plants who are classified as threatened or endangered, in order
to ensure that their populations would return to a sustainable level. In 1987, a plan was
enacted in order to increase the population of wolves to sustainable levels. According to
the plan, in order to be removed from the list there must be 1,250 wolves in Minnesota,
and 100 wolves in Michigan and Wisconsin. In Minnesota, the requirement was met in
1978, although Michigan and Wisconsin did not reach those goals until 1990. As a result
of this management plan, the gray wolf was removed from the endangered species list
in January 2012. However, due to a Federal Court decision, wolves in the Great Lakes
area were relisted under the Endangered Species act on December 19, 2014.
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When an endangered or threatened species is removed from the list, the U.S.
Department of Fish and Wildlife, along with state authorities, creates a system for
observing the species in question for 5 years to ensure the population remains
sustainable. In 1998, the State of Minnesota held a panel discussion comprising of
stakeholders that would be affected by the removal of the gray wolf from the
endangered species list, such as environmentalists, farmers, and hunters. Once the
panel had completed their resolution, it was submitted to the Minnesota Department of
Natural Resources, which was then sent to the state legislature. In April 2000, the
Minnesota legislature passed a bill which incorporated hunting regulations as well as a
wolf management plan. Minnesota Governor Ventura signed the bill into law in May,
2000. Following the signing of the bill, the Minnesota Department of Natural Resources
drafted a wolf management plan and submitted it to the U.S. Fish and Wildlife Service.
Included in the plan was monitoring of wolf populations, protection of critical habitat, as
well as regulations regarding depredation. When citizens were surveyed about the Wolf
Management Plan, they were asked if they would be willing to pay a one-time payment
in order to fund the plan. The responses varied, but the average willingness to pay was
$67 (Chambers and Whitehead, 2002). Furthermore, the total willingness to pay for the
plan in the state of Minnesota is $27,446,885. According to Loomis and White (1996),
one time payments produce larger willingness to pay estimates than annual payments.
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These estimates allow researchers to compare the cost and benefits of
maintaining the Minnesota wolf population. Mech (1999) estimates that a wolf
population of 3,150 would cost $342,830 annually. Current depredation levels would
require $116,953 annually to cover the compensation for lost pets or livestock.
Similar to Minnesota, the reintroduction of gray wolves in Yellowstone National
Park was highly contested between the parties involved. In order to gauge public
perception, Duffield and Neher (1996) conducted a CVM survey to estimate the value of
the wolves, sampling locally and nationally. Due to the controversial nature of the
survey, they also questioned those who opposed the proposition in order to determine
the willingness to pay for blocking reintroduction. Duffield and Neher (1996) found that
in general, reintroduction would produce positive net benefits. Furthermore, those in
support of reintroduction were willing to financially support reintroduction more than
those in opposition were willing to support prevention. Finally, they compared the
benefits to the costs of wildlife management and found a total net benefit of
approximately $6 to $8.9 million each year.

2.5.2 Revealed Preference Methods and Hedonic Property
Models
As opposed to stated preference methods, revealed preference methods
attempt to estimate the value of non-market goods through the observation of actual
consumer behavior (Russell, 2001). Revealed preference methods are flexible and can
be used in a variety of studies. One strength of this methodology is that it is based on
realistic choices made by consumers or families. This strength contrasts state preference
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methods which inquire how individuals would value changes in non-market goods in a
hypothetical situation. Based on this information, critics of these methodologies see
market based studies as a more accurate gauge of consumer preferences. The reason
being that revealed preference methods produce concrete data on a consumer’s
willingness to pay for acquisition of a non-market good, or a willingness to avoid
potential negative effects of a non-market bad.
Based on the influential work of Rosen (1974), hedonic property models attempt
to estimate non-market values by observing the willingness to pay for a home given its
physical and neighborhood properties. Specifically, the price of a market good is
comprised and valued on its characteristics. Therefore, it is possible to value individual
characteristics of a good by estimating consumer willingness to pay for goods that differ
only in the level of the characteristic of concern. In the study of environmental
economics, the hedonic pricing method is used to estimate the value for environmental
services that affect housing prices. Hedonic studies have been utilized to estimate the
value of non-market goods (or bads); some examples include air pollution, aircraft noise,
road traffic, water quality, as well as distance to landfills.
Neumann et al. (2009) use the hedonic price model in order to effects of the
Great Meadow Wildlife Refuge on nearby housing values. There is evidence that
suggests that open spaces have positive effects on the value of a house (Knetsch 1962,
Beasley et al. 1986, Geoghegan 2002). Open spaces provide a variety of amenities, such
as aesthetic value, recreation, privacy, as well as ecosystem services in which
homebuyers may be willing to pay a higher price to live near these amenities. National
23

Wildlife Refugees are designated open space areas in which species in habitat are
protected. Neumann et al. (2009) found that houses near the Great Meadow Wildlife
Refuge have a price premium which is statistically equal to the premiums of two other
types of open space (recreation parks and golf courses). They found the estimated price
premium at $623 per 100 meters of proximity to the wildlife refuge.
The hedonic property method is prevalent in estimation of the effects of air
pollution. Smith and Huang (1995) conducted a meta-analysis of the use of hedonic
property models in measuring air quality. Specifically, the compiled estimates of the
marginal willingness to pay (MWTP) for decreasing airborne particulate matter with
hedonic models between 1967 and 1988. Their analysis found that the range of
estimated values was between zero and $98.52 for a reduction of one unit in
particulates, measured in micrograms per cubic meter. The reported mean MWTP is
$109.90 while the median MWTP is $22.40. This suggests that outliers are influential
within estimates summary statistics.
Like any valuation technique, there are issues involving the use of the hedonic
property method. For example, consumers may not have perfect information regarding
the housing market. Secondly, the issue of multicollinearity is prevalent in hedonic
studies. Characteristics of houses tend to be related to each other when determining
the value of a house. For example, the square footage of a house is directly related to
the number of bedrooms and bathrooms in the house. Therefore, it can be difficult to
determine how these variables can independently affect the value of the house (Day
2001). Historically, academics may ignore this issue which may result in omitting
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influential variables, which could affect the statistical significance of collinear variable
coefficients.

2.6 Cost and Benefits of Wildlife
Wildlife, especially predators can impose economic costs upon society,
specifically to farmers and ranchers. The most prevalent type of predator-related
damage may occur through livestock depredation (Baker et al. 2008). Most of the
literature estimating the costs of wildlife prior to 1995 was concentrated on a single
species (Conover et al. 1995), demonstrating that there is a large literature gap
regarding the cost of wildlife. Another source of societal costs are collisions between
wildlife and vehicles. In these cases, including the value of human life in cost analysis
can be significant.
Analogous to estimating the values of wildlife, the costs of wildlife are identified
as direct and indirect. Direct costs signify the damages incurred by farmers or ranchers
from the depredation of livestock. Depredation has the potential to increase the costs
incurred to society through a reduction in the supply of livestock. If this were to happen,
the reduction in supply could increase the price of livestock, which could have
widespread ramifications to the agricultural economy. There are three methods for
estimating direct costs: surveys of stakeholders, review of compensation, and
estimating the market value of lost livestock (Barker et al. 2008). Like any method,
estimating the direct cost has its disadvantages. For example, the use of surveys may
elicit exaggerated values from stakeholders. Also, farmers may not be fully
compensated for the depredation of their livestock. Finally, the market value of
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livestock may not account for production costs, as well as the cost of protecting
livestock.
Predation on livestock is the most prevalent predator-related source of conflict,
as well as the cause of most harm to shareholders. Recent increases in number of
human-predator conflicts has been attributed to the increase of human land use (Abaya
et al. 2011). Given this information, it is important to note that approximately 1.5% of
animals are lost to predation from carnivores (Baker et al. 2008). Losses attributed to
predation tend to differ considerably over space and time. For example, losses on the
same farm can experience significant variation (Treves et al. 2004, Baker et al. 2008).
These results could suggest that changes in husbandry or predator management policies
may influence their behavior (Baker et al. 2008), however, there are few studies
regarding the effects of changes in policy and practice. An increase in predator density
has been previously attributed to increases in predation (Yom-Tov et al. 1995), although
the relationship is unclear (Baker et al. 2008).
A number of studies have researched the costs of predators such as the cougar
(Dickman et al. 2011). However, attempts to reinstate their populations are inspired by
ecological reasons as opposed to economic ones (Ripple et al. 2014). Specially,
predators benefit society by controlling ungulate populations although these benefits
have not been quantified.
Interactions with ungulate populations range from vegetation loss to car
accidents (Côté et al. 2004; Gordon 2009). These collisions have injured and killed
thousands of people each year. This is evident in regions where predator populations
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are sparse and herbivores are prevalent (Conover et al. 1995, Bruinderink and
Hazebroek 1996, Gordon 2009). Deer in particular are attributed to causing 1.2 million
accidents annually within the United States, costing $1.7 billion in costs alone (Conover
et al. 1995). The number of accidents involving deer has increased from 1990 to 2004
while total the number of collisions has remained consistent, supposedly caused by
increases in deer population (Huijser et al. 2008). Reintroduction of predator such as
cougar and wolves in problematic areas could place pressure on deer populations. In
doing so, the economic benefits to society would be incurred in reductions of damages
and injuries sustained through vehicle collisions.

2.7 Literature Gap
The relevant literature regarding the use of hedonic property methods in wildlife
valuation has been limited to the valuation of hunting. Brown and Plummer (1979) used
the hedonic property method to estimate the value of hunting big game in Oregon. In
their study, they found that hunters had a willingness to pay of $183.16 (in 2013 USD).
Livengood (1983) used the same methodology in order to estimate the value of whitetailed deer in Texas. He found that hunters have a willingness to pay of $70.73 (in 2013
USD) for the first deer harvested, after the first deer, the WTP decreased.
As previously mentioned, there is significant literature regarding the valuation of
wildlife, which utilize contingent valuation methods. Specifically, the meta-analysis
performed by Richardson and Loomis (2009) updated a 1996 analysis valuing
endangered, threatened, and rare species. Some of these species include the spotted
owl, gray wolf, salmon, and the bald eagle. In terms of behavior and ecology, none of
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the previously listed animals are similar to the cougar. Although the CVM has been
updated and improved throughout its history, the use of the method is highly
controversial. The primary source of concern involves the accuracy and validity of WPT
estimates. There are a variety of factors which can systematically bias a respondents’
answers. Specifically, these biases include hypothetical bias, strategic behavior,
anchoring bias, and information bias (Pearce et al. 2006). According to Mitchell and
Carson (1989) these methodological issues are not exclusive to contingent valuation and
are apparent in a majority of survey based methods. These issues and resulting bias can
be attributed mostly to survey design.
Although the use of contingent valuation is more prevalent than hedonic
methods in the valuation of wildlife, due to potential biases listed above, I employ the
hedonic property model in my research. Contingent valuation methods require the
creation of a survey, and collection of primary data. In the case of hedonic property
methods, the necessary secondary data is readily available.
As previously mentioned, there are no direct or indirect studies on the economic
value of cougars. This research gap can have widespread ramification in terms of the
management of cougars, as well as policy implications for lawmakers and shareholders.
This research gap serves as the main motivation behind this research.
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Chapter 3
Data, Analysis, and the Use of Geographic Information Systems
Geographic information systems (GIS) has revolutionized and elevated the
complexity of analysis available in the field of environmental economics. With GIS, it is
possible to analyze multiple types of data across space, with a level a precision that was
previously unattainable. Furthermore, this newly acquired spatial data can be input into
economic models to solve problems with more precision. The development of this
technology has permitted researchers to disregard spatial assumptions in favor of
precise measurement of treatment variables such as the size and distance of
environmental amenities (Bateman et al., 2002). Furthermore, the use of GIS may
prevent prevalent methodological problems such as spatial autocorrelation and omitted
variable bias (Parameter and Pope, 2012).
The term GIS can refer to a variety of platforms, uses, and scales. A GIS can refer
to an individual piece of software or a system of frameworks and models utilized across
many users. For this research, I accept the definition of GIS as “an integrated collection
of computer software and data used to view and manage information about geographic
places, analyze spatial relationships, and model spatial processes.” (ESRI, 2015). With
this definition, GIS is an all-encompassing term which does not limit itself to a single
program or function.
In this chapter, section one presents a background on the use of GIS in
environmental economics literature. The purpose of this section is not to present the
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results and significance of these studies, but to discuss the use of GIS in the data
collection process. Section two discusses my study area, data sources, and quality of
data. In conclusion, section three synthesizes the methods used to perform this analysis.

3.1 Background
The use of GIS in the field of resource economics is widespread, including various
forms of pollution (Din et al. 2001; Leggett and Bockstael 2000, and Metz and Clark
1997), land cover studies (Smith 2002, Walls et al. 2015), impacts of urban growth (Irwin
2001, Irwin 2002, Appleton et al. 2002, Huang et al. 2007), as well as demand studies of
recreation sites (Jones et al. 2010, Bateman et al. 1999; Lovett et al. 1997).
Furthermore, GIS is improving hedonic models since the collection of data regarding
environmental variables is notoriously time consuming and possibly inaccurate.
Parameter and Pope (2012) created a tutorial of the necessary steps to complete a
hedonic study, in which they claimed that GIS is an excellent method to digitize housing
sales as well as analyze shape files.
Geocoding is the conversion of raw addresses to points on a GIS map and is an
integral first step in the creation of hedonic models. For instance, Anselin and Gallo
(2006) geocoded 115,732 sales of houses to their locations in four counties in California.
Once the locations were geocoded, they were able to able to perform an intersection of
the locations and variables like air quality as well as socioeconomic characteristics of the
area. Lewis et al. (2008) geocoded the locations of 7,876 homes before measuring their
distances to rivers and dams in the area in their hedonic analysis of the impacts of dams.
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Buffers, which area areas surrounding a feature or point on a map measured in
distance (ESRI, 2015), allow analyst to identify variables within a set distance of a point
or observation. For instance, Heintzelman and Tuttle (2012) created buffers with a range
of 0.5 miles to 10 miles around 1,903 parcels in order to calculate the number of wind
turbines within each range. Extracting data within these buffers creates independent
variables which can be used in hedonic analysis.

3.2 Study Area, Data Sources, and Validity
My study area includes the western Washington counties of Clallam, Cowlitz,
Grays Harbor, Jefferson, Lewis, Mason, Pacific, Skagit, Thurston, Wahkiakum, Whatcom
(Figure 2), and has an area of 19,097 square miles. According to the 2014 US Census
(2016), this area has a population of 1,083,290 people, and has 502,883 housing units.

Figure 3. Western Washington Study Area
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This study consists of two primary sources of data: housing data, and cougar
incident reports. These datasets were gathered from different sources and were
processed using separate methods. The following section details each datasets source,
the collection of data, as well as their validity and downfalls.

3.2.1 Housing Data
To perform this research, I employ two datasets. The first contains housing sales
data from the eleven counties within my study area. The dataset was acquired from Real
Market Data, a company that processes data regarding houses and property. The
dataset contains variables such as property value, bathrooms, bedrooms, floor area,
acreage, age, home state of buyer, as well as addresses from 1986-2012. There are
297,480 home sales in this dataset. The average home is 43 years old, has 1600 square
feet, has a sale price of $200,480, and has 2.9 bedrooms and 1.7 bathrooms.
Table 1: Housing Data Summary Statistics
Statistic
Sale Price
Acres
View
House Age
Square Feet
Bedrooms
City

N
170,141
170,141
170,141
170,141
170,141
170,141
170,141

Mean
200,480
0.998
0.156
43.45
1,600
2.937
0.503

St. Dev.
136,800
4.676
0.363
26.551
585
0.724
0.500
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Min
35,000
0
0
3
201
1
0

Median
167,500
0
0
37
1,500
3
1

Max
3,800,000
284
1
274
31,232
9
1

To be used for spatial analysis, the housing data must be geocoded. As
previously explained in the introduction of this chapter, geocoding is the process of
converting addresses into points on a map. This process was completed by Logan Blair in
his thesis “The Economic Impacts of Forest Pathogens in Washington State: A Hedonic
Approach.” Blair (2015) used the geocoder function in ESRI ArcGIS 10 in order to create
physical points of the addresses provided in the housing sales dataset.
The process of geocoding creates a potential for errors if there are discrepancies
in the address information of housing sales. When a set of addresses are geocoded,
ArcGIS creates a score regarding the accuracy of the plotted address. Blair (2015)
compiled a random sample of error scores and categorized them into ranges (41-50, 5160, 61-75, 76-90). The tables shown below were produced from Blair (2015) and
displays the ranges and errors found in his random sample. As the match score
increases, the number of errors in the sample decreases. However, this relationship also
reduces the number of observations, as shown in Table 3. Blair (2015) determined that
because there are few errors with a score smaller than 60, he created a subset of the
data with scores of 61 or greater. As a result of the work done by Blair (2015), the
aforementioned subset of data was used in this thesis.
Table 2: Errors within Score Range (Blair 2015 pg. 29)
Score Range
76-90
61-75
51-60
41-50

Errors/100
0
4
18
35
33

Error in total population (%)
0.54%
0.68%
0.73%

Table 3: Observation per Allowed
Score Criteria (Blair 2015 pg.
29)Allowed Scores

>90
>76
>61
>51
>41

Percent
Matched at
given level
17.55%
75.37%
87.23%
87.93%
88.06%

Addresses
Remaining

# Of records in
each category

56,971
244,676
283,168
285,432
285,859

56,971
187,705
38,492
2,264
427

Figure 4: 2011 Geocoded Sales (Blair 2015 pg. 30)

3.2.2 Cougar Incident Reports
The second dataset contains Cougar Incidents Reports, which were obtained
from the Washington Department of Fish and Wildlife (WDFW). Every time there is a
confirmed cougar sighting, the WDFW compiles information about the incident, such as
a report narrative, report information (report year, report number, incident date),
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reporting party, species, and location of the encounter. To extract the incident report
data, I used the program Outwit Hub, which uses computer code to “scrape” the desired
information from the website, and export the data to an Excel spreadsheet. Specifically,
I extracted the Source URL, Species Type, Date of Incident, Date of Report, Address
Location, City, County, and the Game Management Unit. The data regarding the location
of each sighting is reported in Township, Range, and Section (TRS) format. Therefore, to
input the location data into ArcGIS, it was necessary to convert the data form TRS
format to latitude and longitude coordinates. This process was done by using a
Township Geocoder provided by the Bureau of Land Management. Once the data was
converted to latitude and longitude, I was able to plot the cougar sightings in ArcGIS.

Figure 5: Cougar Sightings
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3.3 Methods
This research utilizes GIS to spatialize and perform intersections between the
housing sales and cougar sighting data. To perform regression analyses, I used GIS to
prepare the data. GIS enables a user to integrate spatial data, and extract interactions
between related feature classes. The use of GIS allows the user to control for biases
regarding spatial correlations prominent in regression analysis. Finally, the use of Model
Builder in ArcGIS allows the user to automate the process for fast results that otherwise
would be time-consuming.

Figure 6: GIS Workflow

3.3.1 Buffers and Intersections
In this research, GIS is primarily used to create buffers in order to intersect
cougar sightings with the location of house sales. Buffers are a valuable tool for
extracting data from one or more layers that lie within the buffer area. To create these
buffers, I used the “Buffer” tool in ArcGIS 10.4. Upon review of the literature, there are
no suggestions for an optimal buffer size to place around a cougar sighting. Realistically,
buffer sizes are selected by the author to answer the original research questions. For
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this research, I chose buffers of 1km, 3km, and 5km.
To extract the data within the previously mentioned buffers, I use the
“Intersect”’ tool in ArcGIS 10.4. The intersect tool calculates the intersections of feature
classes and feature layers. The features that intersect are then created in an output
feature class. In the case of this research, the output feature class contains the
intersections of home sales within the buffers surrounding the cougar sighting. To
aggregate the intersections into one dataset, I use the “Merge” tool and export the data
using the “Table to Excel” tool. Below is an example of data produced from and
intersection of a home sale and cougar sighting within 1km. Figure 7 illustrates the
buffers created around a cougar sighting in ArcGIS.

Figure 7: Visual Example of Home Sale Intersection
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3.4 Process Automation
To improve the method of geo-processing, I used ArcGIS 10.4.1 model builder.
Model Builder is a tool that automates a GIS workflow. The interface allows the user to
input data, as well as tools into the model. Once these components are added, they can
be connected and ordered in a similar fashion to ArcMap. Upon completion of the
model, inputs can be edited, as well as the properties of the geo-processing tools.
Figure 8 below is the Model Builder workflow that I created in order to perform
this analysis. First, I created four buffers around the cougar sighting locations, at
distances of 1km, 3km, and 5km. Secondly, I input the housing sales dataset, and
intersected the housing data with the cougar sightings in each of the buffers by using
the Intersect tool. Finally, I exported each of the intersected datasets into Excel by using
the Table to Excel tool. After this process, I merged the Excel data into a single file.
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Figure 8: Model Builder Workflow
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The Economic Impacts of Cougars in Western Washington
Todd Anthony Stoothoff *

Abstract
The combination of increasing cougar populations and the rising human population in
Wildland-Urban Interface (WUI) areas suggests that the number of human-cougar
encounters will rise as well. The increase in human-cougar encounters creates potential
issues in regard to public safety, public policy, and management of predators. For the
purposes of this research, I employ a housing data set of eleven counties in Western
Washington to quantify the impacts of a confirmed cougar sighting on the sale value of
a home. Specifically, I employ the use of a hedonic real estate price model. Results show
cougar sightings cause statistically significant impacts on housing values. These results
suggest the need for changes in policy regarding the management of cougars, and land
use management.

Keywords: Hedonic, Environmental Economics, Revealed Preference, Environmental
Impact, Cougar, Wildlife
________________________
*Todd Stoothoff is a master’s student in the Resource Management Program at Central
Washington University. The views expressed in this paper are his own and do not
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4.1 Introduction
The population of the cougar (i.e., Puma concolor) has reportedly increased over
the past thirty years (Washington Department of Fish and Wildlife 2010). Furthermore,
the human population in Washington State has increased as well. The population of
counties of western Washington in which rural land is being developed is growing at a
greater rate than the state average (State of Washington 2015). The combination of
increasing cougar populations and the rising human population in Wildland-Urban
Interface (WUI) areas suggests that the number of human-cougar encounters will
increase as well. A human-cougar encounter may result in a range of possible outcomes.
These outcomes span from a confirmed sighting of a cougar to an attack on livestock,
pets, or in rare instances, humans. The number of human-cougar encounters in
Washington has been increasing, (Beier 1991, Fitzhugh et al. 2003) as have the number
of cougars taken in hunts (Dawn et al. 2003). The increase in human-cougar encounters
creates potential issues in regard to public safety, public policy, and management of
predators.
According to the Washington Department of Fish and Wildlife (WDFW 2010),
75% of Washington residents claim to have little knowledge about cougar behavior or
ecology (WDFW 2010). This lack of knowledge creates a potential risk for the safety of
individuals, animals, and larger communities. Furthermore, the presence of cougars may
have a significant impact on the real estate market in residential areas within the WUI,
based on public perceptions regarding cougars.
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The main objective of this research is to measure the impacts of large predators
on housing prices in western Washington. Specifically, I assess the confirmed presence
of cougars on home sale prices in eleven western Washington counties. Based on this
information, I discover the impacts of a confirmed sighting of a cougar in the general
vicinity of a house on the house’s value. Based on the results, I make recommendations
for changes in policy in regard to management of cougars, as well as land use
management.
This research provides a quantitative assessment of the effect of a confirmed
cougar sighting on the sale price of a home. Upon further analysis of the results, the
eleven counties in my study area may use this research to shape policy involving the
management of predators, their populations, and harvesting techniques. If cougar
sightings have a significant negative impact of the sale price of a home, this could cause
a decrease in the amount of tax revenue generated from these homes. Furthermore,
the results could help shape land management policy, ensuring that future homes
created in WUI areas are safe for both humans and cougars alike. The results of this
research may also be used at a statewide level, through agencies such as the
Washington Department of Fish and Wildlife. On a national level, this research adds to
the body of knowledge surrounding management of predators, land management, as
well as impacts on housing values.
The cougar is the largest of the wild cats that inhabit the Pacific Northwest. They
range in size from 5 to 9 to feet in length and can weigh 80 to 210 pounds (Maser 1998).
The cougar is a highly adaptable animal; they reside in a variety of habitats ranging from
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desert climates, to mountains, and the tropics. Furthermore, the cougar can inhabit a
variety of population densities, ranging from secluded forests to the outskirts of
suburban areas. There is a large body of research about cougars; however, there is
much to be discovered about cougar behavior in comparison to other game animals.
Cougar are populated at low densities over large areas (Logan and Sweanor 2001),
which makes observational research difficult. Furthermore, cougars are nocturnal
creatures, which adds to the difficulty of observation (Bier et al. 1995).
Lambert et al. (2001) recognized the issue of increasing numbers of humancougar conflicts in the Pacific Northwest. There are many hypotheses that explain the
number of conflicts, the most prevalent being an increase in the population of cougars.
According to the authors, the increase in human-cougar conflicts could be due to a
young population of cougars due to excessive hunting. In addition, humans are
interfering with cougar habitat, which leads to acclamation to humans. In conclusion,
the authors suggest that negative social perceptions about cougars could promote
excessive hunting. To preserve the cougar population, the authors recommend stricter
hunting regulations, monitoring of cougars, and collaboration with resource managers
to effectively manage the problem.
Kertson et al. (2013) assert that effective management of predator populations
in WUI areas require knowledge regarding the ecology of these predators, and the
characteristics of their interactions with humans. In their research, Kertson et al. (2013)
quantified the residential movements of cougars as well as their interactions with
humans in western Washington from 2003 to 2008. They found that the adaptable and
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nomadic tendencies of cougars explain the use of residential areas. Kertson et al. (2013)
recommend that managers create strategies that focus on problematic cougars, while
preserving an older age structure of cougar populations. Furthermore, they suggest the
use of landscape planning and education in WUI areas to reduce the number of humancougar interactions.
The wildland-urban interface (WUI) is defined as the space in which housing
units intersect with wildland areas which are undeveloped or unaltered by humans.
According to the USDA (2001), the WUI areas consist of interface and intermix areas.
Interface areas border wildland areas, and there is a clear distinction between wildland
and developing areas. Intermix areas often contain housing units which are surrounded
by wildland and other vegetation. The development and urbanization of wildland areas
creates conflicts and problems with the environment (Johnson 2001). Housing
development in these areas are shown to cause the loss of wildlife habitat as well as
fragmentation (Theobald et al. 1997). Furthermore, development can disrupt population
dynamics of wildlife (Soule 1991), as well as decrease biodiversity in an ecosystem
(McKinney 2002).
Over the past 25 years, the WUI of western Washington has increased in terms
of area, as well as the number of housing units. According to Hammer et al. (2007), from
1990 to 2000, the area of WUI land in Washington State increased 16.4%. Furthermore,
the number of housing units in the WUI increased 29.6% in the same time. According to
Tully (2013), from 2000 to 2010, the area of WUI land in Washington State increased
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8.23%. Furthermore, the number of housing units in the WUI increased 22.51% during
the same period. These figures illustrate the rapid expansion of the amount of acreage
in WUI areas, as well as the number of households.
Kertson et al. (2001) recognize the impacts of human involvement in the
wildland-urban interface due to increased residential development. Impacts may
fluctuate between species, but the authors suggest that residential development
creates challenges for large carnivores such as the cougar. In order to mitigate adverse
effects, it is necessary to understand the spatial ecology and habitats of cougars in order
to decrease the number of human-cougar interactions. Their model found that cougars
stayed in areas that were attractive to prey, left prey vulnerable, and had limited
residential development. They also found that the use of space was similar between
wilderness and residential areas because many residential areas contain landscape
features which are attractive to cougars. The authors believe there is a point of
equilibrium where residential development maintains enough wildland characteristics
that are attractive to cougars and increases the chance of human-cougar interactions.
The authors conclude that in order to reduce interactions, it is necessary to use
knowledge of spatial ecology.
The seminal work of Hammack and Brown (1974) has led to an increase of
studies regarding the economic value of wildlife (Livengood 1983). Economists suggest
that wildlife are valued through use values and non-use values. Use values are assigned
to the direct use of a resource, such as meat, hunting, fishing, or viewing wildlife.
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Nonuse values comprise of values not included in the use value grouping (Fisher and
Raucher 1984, Boyle and Bishop 1987). Non-use values are categorized into intrinsic and
existence value, which are based on the assumption that society value wildlife in some
way (Kuritlla 1967, Stevens et al. 1991). Existence value involves the willingness to pay
for the existence or preservation of wildlife, even if the individual does not directly use
or interact with the resource. Although studies suggest that existence values comprise
of a large share of the economic value of wildlife, they are often challenged (Brookshire
et al. 1983, Stevens et al. 1991, Zawacki et al. 2000).
Due to the nature of use and nonuse values, different methodologies are
necessary to estimate their values. The estimation of use values is conducted through
revealed preference methods. This methodology is based on the direct and indirect
valuation through the observation of market behavior. The estimation of nonuse values
is conducted through stated preference methods, which survey respondents on the
value the associate with hypothetical changes to the environment.
There is no market information for natural resources that have off-site use
(existence and option values for example), so it is difficult to calculate their monetary
value. Therefore, economists use the contingent valuation method (CVM) to develop a
replicated market (Davis 1963, Loomish and Walsh 1986, Mitchel and Carson 1989). The
purpose of the CVM is to obtain an individual’s willingness to pay for the preservation or
restoration of a certain natural resource. CVM’s are conducted through a survey format,
in which respondents are asked how much they would pay for different levels of the
natural resource in question.
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As opposed to stated preference methods, revealed preference methods
attempt to estimate the value of non-market goods through the observation of actual
consumer behavior (Russell 2001). Revealed preference methods are flexible and can be
used in a variety of studies. One strength of this methodology is that it is based on
realistic choices made by consumers or families. This strength contrasts state preference
methods which inquire how individuals would value changes in non-market goods in a
hypothetical situation. Based on this information, critics of these methodologies see
market based studies as a more accurate gauge of consumer preferences. The reason
being that revealed preference methods produce concrete data on a consumer’s
willingness to pay for acquisition of a non-market good, or a willingness to avoid
potential negative effects of a non-market bad.
Based on the influential work of Rosen (1974), hedonic property models attempt
to estimate non-market values by observing the willingness to pay for a home given its
physical and neighborhood properties. Specifically, the price of a market good is
comprised and valued on it’s characteristics. Therefore, it is possible to value individual
characteristics of a good by estimating how the willingness to pay of consumers for the
good varies as the characteristic changes. In the study of environmental economics, the
hedonic pricing method is used to estimate the value for environmental services that
affect housing prices. Hedonic studies have been utilized to estimate the value of nonmarket goods (or bads); some examples include air pollution, aircraft noise, road traffic,
water quality, as well as distance to landfills.
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Like any valuation technique, there are issues involving the use of the hedonic
property method. For example, consumers may not have perfect information regarding
the housing market. Secondly, the issue of multicollinearity is prevalent in hedonic
studies. Characteristics of houses tend to be related to each other when determining
the value of a house. For example, the square footage of a house is directly related to
the number of bedrooms and bathrooms in the house. Therefore, it can be difficult to
determine how these variables can independently effect the value of the house (Day
2001). Historically, academics may ignore this issue, which may result in omitting
influential variables, which could lead to biased results.

4.2 Study Area and Data
My study area includes the western Washington counties of Clallam, Cowlitz,
Grays Harbor, Island, Jefferson, Lewis, Pacific, Skagit, Thurston, Wahkiakum, Whatcom
(Figure 2), and has an area of 19,097 square miles. According to the 2014 US Census
(2016), this area has a population of 1,083,290 people, and has 502,883 housing units.
To perform this research, there are two datasets that I will employ. The first
contains housing sales data from the eleven counties within my study area. The dataset
was acquired from Real Market Data, a company that processes data regarding houses
and property. The dataset contains variables such as property value, bathrooms,
bedrooms, floor area, acreage, age, home state of buyer, as well as addresses from
1986-2012. There are 297,480 home sales in this dataset. The average home is 43 years
old, has 1600 square feet, has a sale price of $200,480, and has 2.9 bedrooms and 1.7
bathrooms.
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To be used for spatial analysis, the housing data must be geocoded. As
previously explained in the introduction of this chapter, geocoding is the process of
converting addresses into points on a map. This process was completed by Logan Blair in
his thesis “The Economic Impacts of Forest Pathogens in Washington State: A Hedonic
Approach.” Blair (2015) used the geocoder function in ESRI ArcGIS 10 in order to create
physical points of the addresses provided in the housing sales dataset.
The process of geocoding creates a potential for errors if there are discrepancies
in the address information of housing sales. When a set of addresses are geocoded,
ArcGIS creates a score regarding the accuracy of the plotted address. Blair (2015)
compiled a random sample of error scores and categorized them into ranges (41-50, 5160, 61-75, 76-90). As the match score increases, the number of errors in the sample
decreases. However, this relationship also reduces the number of observations. Blair
(2015) determined that because there are few errors with a score smaller than 60, he
created a subset of the data with scores of 61 or greater. As a result of the work done by
Blair (2015), the aforementioned subset of data was used in this thesis.
The second dataset contains Cougar Incidents Reports, which were obtained
from the Washington Department of Fish and Wildlife (WDFW). Every time there is a
confirmed cougar sighting, the WDFW compiles information about the incident, such as
a report narrative, report information (report year, report number, incident date),
reporting party, species, and location of the encounter. To extract the incident report
data, I used the program Outwit Hub, which uses computer code to “scrape” the desired
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information from the website, and export the data to an Excel spreadsheet. Specifically,
I extracted the Source URL, Species Type, Date of Incident, Date of Report, Address
Location, City, County, and the Game Management Unit. The data regarding the location
of each sighting is reported in Township, Range, and Section, (TRS) format. Therefore, to
input the location data into ArcGIS, it was necessary to convert the data form TRS
format to latitude and longitude coordinates. This process was done by using a
Township Geocoder provided by the Bureau of Land Management. Once the data was
converted to latitude and longitude, I could plot the cougar sightings in ArcGIS.
In this research, GIS is primary used to create buffers to intersect cougar
sightings with the location of house sales. Buffers are a valuable tool for extracting data
from one or more layers that lie within the buffer area. To create these buffers, I used
the “Buffer” tool in ArcGIS 10.4. Upon review of the literature, there are no suggestions
for an optimal buffer size to place around a cougar sighting. Realistically, buffer sizes are
selected by the author to answer the original research questions. For this research, I
chose buffers of 1km, 3km, and 5km.
To extract the data within the previously mentioned buffers, I use the
“Intersect”’ tool in ArcGIS 10.4. The intersect tool calculates the intersections of feature
classes and feature layers. The features that intersect are then created in an output
feature class. In the case of this research, the output feature class contains the
intersections of home sales within the buffers surrounding the cougar sighting. To
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aggregate the intersections into one dataset, I use the “Merge” tool and export the data
using the “Table to Excel” tool.

4.3 Methods and Empirical Issues
The primary purpose of this research is to measure the impacts of the presence
of a cougar on the value of a home, holding all other factors constant. A home is a
heterogeneous entity whose value is determined though separate structural,
environmental, and neighborhood characteristics, which can include environmental
amenities or disamenities. Specifically, homebuyers purchase an array of housing
characteristics rather than a single product. While housing characteristics may be valued
differently between individuals, a large market with many buyers, sellers, and
competing homes will explicitly define their value (Rosen, 1974). Rosen (1974) originally
presented this function as the hedonic real estate price model:
𝑝 𝑧 = 𝑝 𝑧% , … , 𝑧( )
where 𝑝 represents the price of a home, given 𝑧 estimates of fixed values for various
characteristics. Similar to the fact that certain features of a home will determine price in
the above equation, it may be possible that homebuyers will consider proximity to
dangerous wildlife such as cougars into their real estate purchasing decisions.
Specifically, I hypothesize that impacts on housing values may present themselves
through channels of losses through depredation. Although it is unlikely that
homeowners represented in this dataset would own livestock, it is far more likely that
they would own pets are susceptible to cougar attacks if unattended. Based on this
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information, I hypothesize that as the number of cougar sightings increase, the impacts
on housing sale price is different from zero. Specifically, the null:
𝐻+ : 𝐵% 𝐶𝑜𝑢𝑔𝑎𝑟𝑆𝑖𝑔ℎ𝑡𝑖𝑛𝑔 = 0
and its alternative
𝐻% : 𝐵% 𝐶𝑜𝑢𝑔𝑎𝑟𝑆𝑖𝑔ℎ𝑡𝑖𝑛𝑔 ≠ 0
To quantify these impacts, I employ the use of a hedonic real estate price model.
Hedonic pricing models are used to estimate the extent of characteristics that affect the
price of a house. There are many aspects that affect the value of a home such as
structural characteristics of the house, characteristics of the surrounding neighborhood,
and positive or negative amenities of the surrounding environment, such as cougar
sightings. A hedonic pricing model includes all of these characteristics as variables in a
regression model. While holding variables constant during regression analysis, we are
able to calculate the impact of a specific variable. For this research, the variable
representing confirmed presence of a cougar is measured. In other words, I measure the
effect of the independent variable: the presence of a cougar, on the dependent variable:
the sale price of a house. By creating this model, the hedonic price regression serves as
a revealed preference valuation method in order to elicit an individual’s willingness to
pay to avoid the potential negative impacts of living near a cougar.
Spatial autocorrelation occurs when an observation causes another nearby
observation to replicate similar characteristics (Dormann et al. 2007). This bias violates
the hypothesis that error terms are autonomously calculated from each other. This bias
can have negative impacts on research of markets over expansive study areas. Spatial
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autocorrelation is present in my research, specifically regarding the characteristics of
neighboring homes. Homes in neighboring areas are likely to have similar size, structure,
and other characteristics to each other. In order to address this bias, Holmes et al.
(2010) propose the use of fixed-effects models. Kuminoff et al. (2010) attempted to
normalize hedonic models; in their efforts they explain that spatial errors or spatial lags
may produce models that are less effective than models without spatial controls. Upon
performing multiple Monte Carlo experiments, Kuminoff et al. (2010) discovered that
spatial fixed effects are the most effective means for controlling for spatial
autocorrelation bias. Based on this research, I apply spatial fixed effects in order to
control for spatial autocorrelation.
Fixed-effect models are used to control for spatial autocorrelation and disparities
within housing values in regression analysis with geographical indicator variables
(Parameter and Pope 2012). The creation of these variables controls for differences in
the value of homes within the specific group or area. As suggested by Heintzelman and
Tuttle (2012), I utilize census block groups as an indicator variable. I also create an
interaction between sale quarter and year to account for characteristics with each block
group that could vary over time. (Kuminoff et al. 2010). According to Dormann et al.
(2007), observations that are characterized geographically limit autocorrelation by
restricting errors to the defined area. In the models I have created, I control for spatial
autocorrelation by assigning geographic indicator variables and error terms for each
group.
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In this model, I estimate the percent change in housing price P given changes in
time and distance. The block group fixed effects equation for observation i in block
group j and time t is:
D

𝑙𝑛𝑃=>? = 𝛼 +

DC +

𝛽 × 𝑋 =? + 𝜃> + 𝜑? + 𝜀=>?

CE%

In equation above, lnPOPQ represents the log price of home i in census block j at
time t. α represents the constant, D represents dummy variables for cougar sightings at
three distances: within 1km, 3km, and 5km. The model is estimated for three time
periods, a sighting within 30 days of a home sale, within 31 to 90 days of a home sale,
and within 91 to 180 days. Other house characteristics such as bedrooms, bathrooms,
etc. are incorporated into X. Idiosyncratic price variations by block group and time are
captured by 𝜃> and 𝜑? ,respectively; other errors are captured by 𝜀=>? . The following
section reports the results from these regression models.

4.4 Results
Table 4 displays the results of the cougar sighting regression models. I ran
multiple regressions for each distance of 1km, 3km, and 5km. I created variables
representing the number of days between a cougar sighting and the sale date of the
home. For example, if a cougar were sighted 30 days prior to the sale date of a home,
that variable would contain a value of “1”; all other circumstances would contain a value
of “0”. The same is true for sightings within 30-90 days, as well as 90-180 days. Results
show statistical significance in the coefficient estimates within 30 days of a cougar
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sighting at 1km and 3km, and 5km. From 30 to 90 days of a cougar sighting, the results
are negative and significant at a distance of 1km, 3km, and 5km. Finally, within 90 to
180 days of a cougar sighting, results are negative and statistically significant at
distances of 1km and 5km. There is no impact estimated for cougar sightings within 90
and 180 days and 5 km of a cougar sighting.
Table 4: Hedonic Regression Results
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Table 5: Number of Treatments within Buffer
0-30 Days
31-90 Days 91-181 Days
1km
74
106
173
3km
42
73
0
5km
19
47
70
For this research, coefficients are interpreted as impacts to a houses value in the
form of a percentage. Specifically, the equation is %∆𝑦 = 100×(𝑒 Z[ − 1). However,
estimating the value of coefficients as percentages changes is sufficient for smaller
coefficients. The magnitude of the effects exhibit varied relationships over time and
distance. At 1km, a sighting within 30 days prior to the sale of a home has a -9.5% effect
on the housing price. Within 30 to 90 days, this impact decreases to -9.3%. With 90 to
180 days, the impact decreases to -6.8%. Within 1km, the impact slowly decreases after
time, increasing in magnitude after 90 days. At a distance of 3km, the impact is only
estimated within 90 days prior to a home being sold. A cougar sighing within 30 days at
this distance has an impact of -10.4%, while from 30 to 90 days, the impact reduces to
6.8% At a distance of 5km, cougar sightings within 30 days prior to a home sale impact
the value -13.7%. Additionally, a sighting within 30 to 90 days has a -9.4% impact.
Finally, sightings within 180 days affect the houses salve value -11.2%. Within 30 days
before a house is sold, impacts of cougar sightings increase concurrently as the distance
from the house increases. Between 30 and 90 days, the impacts decrease between 1
and 3 km, but increase past 5km. Finally, the impact of cougar sightings 180s prior to a
home sale increases over distance, excluding any impact at 3km.
Coefficients for housing and environmental characteristics produce values that
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are expected in this model. The fact that a house has a view significantly increases the
value of the property. Additionally, the number of acres on the property significantly
increases its value. Furthermore, the effect of square footage is also significant and
positive. Although the number of bedrooms producing a significant and negative effect
seems counter intuitive, they are found to produce a negative result in hedonic studies
(Sirmans et al. 2005). Floor area is controlled for in this model, suggesting an increase in
the number of bedrooms would mean that the bedrooms are smaller. Additionally,
more bedrooms could take away from other desirable characteristics not included in the
model, such as a kitchen or living room. The coefficient for house age is negative and
significant, suggesting that people prefer for newer homes. Finally, living within city
limits has a significant and negative effect. This study area excludes King County, which
indicates that people outside of King County prefer to live outside of city limits.

4.5 Discussion and Conclusion
The results of this analysis show that the impacts of cougar sightings on housing
values in western Washington have mixed effects over distance and time. Over distance,
the estimates are statistically significant and consistently decrease linearly, with the
exception of 5km. Over distance, estimates that are significant generally decrease, with
exception to the regression at 5km, which increases over time and is statistically
significant.
In regard to policy, initially the results suggesting that cougar sightings have a
negative impact on housing values could advocate for removal of cougars from these
areas. However, widespread and drastic removal of cougars can have negative
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consequences to the ecosystem of surrounding areas. Just like any animal, cougars are
an integral part of the ecosystem of the Pacific Northwest. Therefore, as opposed to
widespread population control methods, the implementation of effective management
practices are necessary. By doing so, a stable population of cougars can be maintained
while limiting the number of human-cougar interactions.
While this paper expands on previous research regarding valuation of wildlife,
future research should be performed in to apply this methodology so similar charismatic
species. Additionally, future research will adapt to increases in available data,
advancement in GIS technology, as well as developments in methods and techniques to
implement this research to the entire state, or other areas.
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Chapter 5
Policy, Problems and Further Work
5.1 Policy
The purpose of this thesis is to support policy regarding the management of
cougars. The results of this study suggest that impact on housing prices are consistently
significant up to 30 days and within 5km after a sighting. Therefore, effective
management techniques are necessary if order to prevent this issue from becoming
greater.
Negative impacts on housing prices if cougars this could cause a decrease in tax
revenue generated from these homes. Specifically, this issue could have larger negative
effects in highly populated counties in this study area, such as Whatcom County. Results
reflect on a willingness to avoid the negative impacts of cougars in these areas,
therefore local officials would benefit from investing in education regarding cougars as
well as management programs. Furthermore, the results could help shape land
management policy, ensuring that future homes created in WUI areas are safe for both
humans and cougars alike.
By mapping both housing sales and cougar sightings, it is clear that cougars and
humans reside in close proximity to one another. Furthermore, the proximity between
these two species can result in conflict. In order to reduce conflict, it is necessary to
understand cougar behavior and ecology, especially as human populations continue to
increase into WUI areas (Spencer et al. 2001, Kertson et al. 2011, Kertson et al. 2013). In
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order to educate the public regarding cougar behavior and ecology, the Washington
Department of Fish and Wildlife (2010) has published “Cougar Outreach and Education
in Washington State.” This document surveyed Washington residents regarding their
perceptions and attitudes towards cougars. Based on these results, they conducted a
needs assessment identifying areas where WDFW could improve in terms of education
the public about safety, cougar behavior, and human-cougar interactions.

5.2 Problems
The primary issue with this study deals with the accuracy of the cougar sighting
data. Specifically, the type of interaction between the human and cougar is not
specified. In order to increase the accuracy of data, the responding officer should
provide detailed information regarding the type of interaction occurred. If that data was
available, a new model would be developed order to indicate whether the encounter
was a sighting, interaction, or some type of depredation. This model would allow for the
estimation of the impacts on each type of interaction.
For the purposes of this research, cougar sightings were mapped by placing a
point in the center the reported section, which is one square mile. This creates
problems regarding data accuracy in multiple ways. First, just because a cougar was
located at a specific place and time, does not mean the cougar will be in the same area
in the day, let alone the next hour. Secondly, a cougar has an expansive home range,
therefore mapping a cougar’s location may require the use of polygons as opposed to
points. Unfortunately, achieving both of these goals would require finding cougars and
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tagging them with GPS devices. Previous studies have done this on small samples of
cougars (Kertson 2001), but doing so on large populations would be unrealistic.
Due to the lack of available data, this study does not include urban areas in
western Washington. If the data was available, my results may have been varied.
Although it is rarer that a cougar would be seen in highly populated urban area, it is
possible that the effects would be amplified in such a case.

5.3 Further Work
The use of GIS has been integral to this study; however, the technology is one
that is rapidly developing, creating numerous opportunities for improvement in the
future. The use of GIS in hedonic models has been highlighted recently through analysis
of view sheds (Walls et al. 2015) and valuing green space in housing areas (Noor et al.
2014). If stronger and more accurate tools and models are developed, this research
could be performed again and could possibly produce more accurate results.
Additionally, this scope of this research is limited to the available data. If housing
data was available for the entire state of Washington, this analysis could be conducted
across the entire state. Given the political influence of eastern Washington counties in
cougar management, a statewide study could have significant policy implications.
Review of relevant literature has shown numerous examples of contingent
valuation methods used to estimate the value of multiple types of wildlife. Furthermore,
there are no known CVM studies used to estimate the value of cougars. Although CVM
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studies are expensive and time consuming, they are a valuable and would add
significant findings and information to current knowledge. As previously stated, the
purpose of revealed preference studies is to estimate the willingness to pay for a certain
amenity based on consumer behavior. In reviewing the prevailing literature, I did not
discover any hedonic studies estimating the value of wildlife. Following this research, I
suggest that additional studies be performed in estimating the value of different wildlife
species. Doing so could produce profound insights regarding wildlife management and
preservation.
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Appendix
R code
Load Data
library(readr)
HousingData <- read_csv("C:/Users/StoothoT/Desktop/May 23rd Map/Housing
Data/Housing Data.csv")
lprice <- log(HousingData$Index_Sales)
Day30_1km <- HousingData$Day30_1KM
Day30_3km <- HousingData$Day30_3KM
Day30_5km <- HousingData$Day30_5KM
Day90_1km <- HousingData$Day90_1KM
Day90_3km <- HousingData$Day90_3KM
Day90_5km <- HousingData$Day90_5KM
Day180_1km <- HousingData$Day180_1KM
Day180_3km <- HousingData$Day180_3KM
Day180_5km <- HousingData$Day180_5KM
```

Load Packages

library(multiwayvcov)
library(lmtest)
library(zoo)
library(data.table)
library(broom)
library(tidyr)

Fixed effects linear models – cougar sighting models
Regression1km <- lm(lprice ~ Day30_1km + Day90_1km + Day180_1km + View + ACRES
+ HOUSE_AGE + SqrFeet + Bedrooms + City + factor(BLOCK_GROUP) + factor(Qyear),
data = HousingData)
Regression3km <- lm(lprice ~ Day30_3km + Day90_3km + Day180_3km + View + ACRES
+ HOUSE_AGE + SqrFeet + Bedrooms + City + factor(BLOCK_GROUP) + factor(Qyear),
data = HousingData)
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Regression5km <- lm(lprice ~ Day30_5km + Day90_5km + Day180_5km + View + ACRES
+ HOUSE_AGE + SqrFeet + Bedrooms + City + factor(BLOCK_GROUP) + factor(Qyear),
data = HousingData)

Robust Standard Error
Cluster <- HousingData$BLOCK
Cluster1km <- cluster.vcov(Regression1km,Cluster)
ClusterResults1km <- coeftest(Regression1km,Cluster1km)
Onekm_results <- tidy(ClusterResults1km)
fwrite(Onekm_results, file = "C:/Users/StoothoT/Desktop/May 23rd
Map/Cluster1KM.csv")
Cluster3km <- cluster.vcov(Regression3km,Cluster)
ClusterResults3km <- coeftest(Regression3km,Cluster3km)
Threekm_results <- tidy(ClusterResults3km)
fwrite(Threekm_results, file = "C:/Users/StoothoT/Desktop/May 23rd
Map/Cluster3KM.csv")
Cluster5km <- cluster.vcov(Regression5km,Cluster)
ClusterResults5km <- coeftest(Regression5km,Cluster5km)
Fivekm_results <- tidy(ClusterResults5km)
fwrite(Fivekm_results, file = "C:/Users/StoothoT/Desktop/May 23rd
Map/Cluster5KM.csv")

Table Generation

stargazer(Regression1km, Regression3km, Regression5km, type="html",
font.size="small", add.lines = list(c("Block Group FE", "Yes", "Yes", "Yes"), c("Quarter x
Year FE", "Yes", "Yes", "Yes")))
stargazer(HousingData,title="Home Sales Summary
Statistics",keep=c("SALEPRICE","VIEW","ACRES","City","AGE","SqrFeet",
"Bedrooms"),median=TRUE,type= "html",font.size="small",out)
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